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DESCRIPTION 
PRESSURE VIBRATION GENERATOR 

Technical Field 

The present invention relates to a pressure oscillation generator (pressure 
vibration generator), and more specifically, to a pressure oscillation generator used for 
supplying pressure oscillation to, for instance, a pulse tube refrigerator. 



Background Art 

Recently researches are very active in examining the possibility of mounting a 
refrigerating machine such as a pulse tube (cryo) refrigerator or the like in a satellite for 
cooling various types of components and devices in the satellite. The pulse tube 
refrigerator functions by supplying pressure oscillation to a pulse tube, and as the pressure 
oscillation generator for generating vibration pressure, there have been proposed those 
using electric energy, or more specifically those each comprising a compressor driven by 
an electric motor and an electronically controlled switch valve provided therein. In this 
case, a large size solar system for converting thermal energy from the Sun to electric 
energy is required to be mounted on the satellite to obtain sufficient electric energy for 
driving the pressure oscillation generator. 

In the conventional types of solar systems, however, as the conversion efficiency 
from thermal energy to electric energy is extremely low, it is required to use solar panels 
or the like with very large size for obtaining sufficient electric energy, which causes 
various troubles when mounted on a satellite. Therefore, there has been strong need for 
size reduction of a pressure oscillation generator. 

Disclosure of the Invention 

A main object of the present invention is to provide a pressure oscillation 
generator enabling further size reduction. 

The pressure oscillation generator according to the present invention comprises a 
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work generating section for work input, a heat exchanger having a heat removal section on 
a work input side thereof, to which the work from the work generating section is inputted, 
and also having a heat input section on a work output side thereof, a work transfer tube 
provided on the heat input side of the heat exchanger, an output section provided on the 
5 work output section of the work transfer tube, and a resonator branching from a section 
between the work transfer tube and the output section. 

In the pressure oscillation generator according to the present invention as 
described above, when the heat input section is sufficiently heated, self-excited vibration 
is generated in the work transfer tube, and the resonator provided on the work output side 

10 of the work transfer tube resonates. In this state, when a work (pressure wave) is 
inputted from the work generating section to the heat removal section of the heat 
exchanger, the work is amplified via the heat exchanger, transferred to the work transfer 
tube, and outputted to the output section. Namely, the pressure oscillation generator also 
functions as an amplifier. As the work outputted in the amplified state is larger than the 

15 inputted work, by using a portion of the outputted work as energy for driving the work 
generating section, the pressure oscillation generator can continuously be driven only by 
heating, and without using electric energy or the like. Therefore when the pressure 
oscillation generator is used for supplying pressure oscillation to a pulse tube refrigerator 
or the like mounted in a satellite, it is required to provide the heat input section so that the 

20 heat input section is directly heated by the solar heat or the like, and it is not required to 
use a large scale solar system for converting the thermal energy as described above to 
electric energy, so that the size reduction of the pressure oscillation generator can further 
be promoted. 

In the pressure oscillation generator according to the present invention, the work 
25 output side of the work transfer tube and the work generating section are preferably 

communicated to each other via a returning section for returning a portion of the work 
outputted from the work transfer tube to the work generating section. 

With the configuration as described above, as the work output side of the work 
transfer tube and the work generating section are communicated to each other via the 
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return section, so long as the heat input section is heated, also the work generating section 
is continuously driven in the self-excited state by a portion of the work outputted from the 
work transfer tube, and even a switch mechanism for starting driving and the like are not 
required in the pressure oscillation generator, so that the configuration is further simplified 
5 and further size reduction of the pressure oscillation generator is possible. 

In the pressure oscillation generator according to the present invention, the 
resonator preferably comprises a hollow accommodation body communicated to the 
section between the work transfer tube and the output section, a solid displacer provided 
in the accommodation body, and a bias section for biasing the solid displacer so that the 

1 0 displacer can vibrate in the accommodation body. 

A resonance tube having the simple configuration is known as a general resonator. 
Although the resonance tube has the simple configuration, the length is required to be long 
for achieving the sufficient effect, so that a large dedicated space for accommodating is 
disadvantageously required. 

15 In contrast, as the solid displacer is vibrated within the accommodation body, the 

length can be minimized so long as a required amplitude of the solid displacer can be 
insured so that the size reduction is secured. 

In the pressure oscillation generator according to the present invention, 
preferably at least one pair of the resonators are provided and are placed at positions 

20 opposing each other so that the solid displacers get closer to and apart from each other in 
the vibration direction thereof. 

With the configuration as described above, as the solid displacers provided in the 
resonators repeat vibration in the direction in which vibrations of the two resonators 
cancel each other, so that such a trouble as mechanical vibration of the entire pressure 

25 oscillation generator never occurs. 



Brief Description of Drawings 

Fig. 1 is a simulated view showing a pressure oscillation generator according to 
an embodiment of the present invention as a whole. 
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Best mode for Carrying out the Invention 

An embodiment of the present invention is described below with reference to the 
related drawing. 

5 Fig. 1 is a schematic view showing a pressure oscillation generator 1 according to 

the embodiment of the present invention. 

The pressure oscillation generator 1 is a device for generating pressure oscillation 
in a working medium such as helium in a system, and is advantageously used for 
supplying the pressure oscillation to a pulse tube refrigerator mounted, for instance, on a 
10 satellite. 

More specifically, the pressure oscillation generator 1 comprises a cylinder (work 
generating section) 10 for generating a pressure wave with a prespecified magnitude as an 
input work from a generating section 1 OA, a heat exchanger 20 receiving a work from the 
cylinder 10 at one edge thereof and outputting the work from the other edge thereof, a 

1 5 work transfer tube 30 connected to the output side of the heat exchanger 20, an output 
section 40 provided in the output side of the work transfer tube 30 with, for instance, a 
pulse tube refrigerator or the like connected thereto, a pair of resonators 50 branching 
from a conduit 2 between the work transfer tube 30 and the output section 40, and a 
conduit (returning section) 60 for communicating a returning section 10B of the cylinder 

20 10 to the section between the work transfer tube 30 and the resonator 50, and the cylinder 
10, heat exchanger 20, work transfer tube 30, and output section 40 are connected in series 
and communicated to each other. 

The cylinder 10 comprises a piston 1 1 therein, the piston 1 1 being biased by a bias 
section 1 2 such as a spring so that the piston 1 1 can vibrate. When this piston 1 1 is 

25 vibrated with a prespecified frequency, a work (pressure wave) is generated from the 
generating section 10A, and can be inputted into the heat exchanger 20. 

The heat exchanger 20 comprises a heat accumulator 21 provided at a center 
thereof, and a heat input section 22 is provided in one edge side of the heat accumulator 
21, while a heat removal section 23 is provided in the other edge side. A work from the 
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cylinder 10 is inputted into the heat removal section 23, and when the heat input section 
22 is heated, the inputted work is amplified via the heat accumulator 21, and flows from 
the heat removal section 23 at a lower temperature to the heat input section 22 at a higher 
temperature, and is transferred to the work transfer tube 30. The phenomenon occurs 
5 because a flow of heat from the heat input section 22 to the heat removal section 23 is 
converted to a reverse work flow. The amplified work is outputted from the work 
transfer tube 30 to the output section 40. 

On the other hand, when the heat input section 22 is fully heated, self-excited 
vibration occurs in the work transfer tube 30, and a resonator 50 resonates with a specified 
10 phase difference against the self-excited vibration. The heat removal section 3 1 is 

provided also in the output side of the work transfer tube 30, and releases heat generated 
in the output side. 

Each resonator 50 comprises an accommodation body 51 communicated to an 
intermediate section of the conduit 2 and having a cylindrical form, a solid displacer 52 

1 5 having a column-like form and accommodated in the accommodating body 5 1 , and a bias 
section 53 such as a spring for biasing the solid displacer so that the solid displacer 52 can 
vibrate, and has the configuration in which the solid displacer 52 can vibrate in the axial 
direction but almost not vibrate in the radial direction. A weight of the solid displacer 52 
and a biasing force provided by the bias section and decided by a spring constant or the 

20 like are previously set taking into considerations a phase difference against the 
self-excited vibration. 

The resonators 50 are provided at positions opposing to each other with the 
conduit 2 therebetween, and vibrate in the direction in which the respective solid 
displacers 52 get closer to each together when the solid displacers 52 vibrate, and the 

25 vibrations cancel each other so that mechanical vibration of the entire pressure oscillation 
generator 1 is suppressed. 

When a portion of the work outputted from the work transfer tube 30 is returned 
to a returning section 10B of the cylinder 10 via the conduit 60, this solid displace 52 
vibrates the piston 1 1 in the cylinder 10 with the substantially same resonance frequency. 
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The returned work is converted to a pressure wave for the input work described above in 
the cylinder 10. 

In the embodiment as described above, when the heat input section 22 is 
gradually heated, self-excited vibration occurs in the work transfer tube 30, and when this 
5 self-excited vibration increases the magnitude, the resonator 50 resonates. The pressure 
wave generated in association with resonation of the resonator 50 is a standing wave, 
which can not be taken out as a work. A resonance frequency which is substantially the 
same as that of the pressure wave, namely which has a phase difference is given to the 
piston 1 1 inside the cylinder 10, and an input work (pressure wave) having the resonance 
10 frequency is self-excited in the generating section 10A and is inputted into the heat 
exchanger 20. 

The input work is amplified by the heat accumulator 21 in the heat exchanger 20 
and is transferred to the work transfer tube 30, and is then outputted as a traveling wave to 
the output section 40. Namely, the pressure oscillation generator 1 functions as an 
1 5 amplifier for amplifying an inputted work and outputted the amplified work. Further a 
portion of the outputted work is returned again to the cylinder 1 0 and is converted to an 
input work, and with this configuration, the pressure oscillation generator 1 is 
continuously driven without any electric energy source as that required in the conventional 
type of solar panel. 

20 To explain the pressure oscillation generator 1 by referring to a specific example, 

when a work of "1 unit" is inputted in the stably heated state, if the work can be amplified 
to "3 units", "1 unit" of the "3 units" is returned to the cylinder 10 and can be converted 
again to an input work, and the remaining "2 units" can be used for driving the pulse tube 
refrigerator and the like. Then the returned "1 unit" is again amplified to "3 units", and 

25 thus "2 units" can successively be taken out with "1 unit" returned. 

With the embodiment of the present invention as described above, there are 
provided the following advantages: 

(1) The pressure oscillation generator 1 itself can function as an amplifier, and an 
outputted work can be amplified to a work larger than the inputted work, so that, by 
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converting a portion of the outputted work as energy for driving the cylinder 10, the 
pressure oscillation generator 1 can continuously be driven without being heated and also 
without using electric energy or the like. Because of the feature as described above, 
when the pressure oscillation generator 1 is used for supplying pressure oscillation to a 
5 pulse tube refrigerator or the like mounted in a satellite, it is required that the heat input 
section 22 is directly heated by the solar heat or the like, and a large scale solar system for 
converting the thermal energy to electric energy is not required to be used, so that 
substantial size reduction of the pressure oscillation generator 1 is possible. 

(2) In the pressure oscillation generator 1 , a work output side of the work transfer 
10 tube 30 and the cylinder 10 are communicated to each other with the conduit 60, so that, 

so long as the heat input section 22 is being heated, the cylinder 10 can continuously be 
driven in the self-excited state by using a portion of the work outputted from the work 
transfer tube 30, so that the pressure oscillation generator 1 does not require a switch 
mechanism and the like for starting a driving operation, which allows further 
1 5 simplification and further size reduction thereof. 

(3) The resonator 50 in the pressure oscillation generator 1 vibrates the solid 
displacer 52 in the accommodation body 51 and require a smaller length as compared to 
the case in which a lengthy resonance tube is used so long as an amplitude of the solid 
displacer 52 is secured, which insures the size reduction thereof. 

20 (4) The resonators 50 are provided at opposite positions with the conduit 2 

therebetween, and the respective solid displacers 52 repeat vibration in the direction in 
which the respective vibrations cancel each other, and such a trouble as mechanical 
vibration of the entire pressure oscillation generator 1 can be prevented, which improves 
durability and reliability of the pressure oscillation generator 1. 

25 The present invention is not limited to the embodiment described above, and 

other configurations capable of achieving the object of the present invention are allowable, 
and the variants as described below are also included in a scope of the present invention. 

For instance, description of the pressure oscillation generator 1 in the 
embodiment above assumes the configuration in which a pulse tube refrigerator is 



8 



connected to the output section 40, but the component connected to the output section 40 
is not limited to the pulse tube refrigerator, and any device driven by pressure oscillation 
such as a piston may be connected to the output section 40. 

In the embodiment above, a portion of an outputted work is returned via the 
conduit 60 to the cylinder 10, but the configuration is allowable in which the conduit 60 is 
not provided and the piston 1 1 in the cylinder 10 is driven with electric energy. In this 
configuration, a solar system or the like is required for obtaining electric energy, but a 
power required for driving the piston 1 1 is smaller as compared to that for driving a 
compressor or a switch valve as used in the conventional technology, so that only a small 
size solar system is required, and even when the small size solar system as described 
above is used, substantial size reduction of the pressure oscillation generator is possible, 
so that objects of the present invention can be achieved. 

The specific configurations of the work generating section, resonator, and 
returning unit according to the present invention are not limited to those described in the 
embodiment above, and any configuration may be employed when carrying out the 
present invention. 

Industrial Availability 

The present invention can be used as a pressure oscillation generator for 
supplying pressure oscillation to a pulse tube refrigerator and the like, and can be used as 
a cooling device for various types of components and devices mounted in a satellite. 



